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ABSTRACT: Phenylacetylenes are key structural motifs in 

organic chemistry, which find widespread applications in bioactive 

molecules, synthetic intermediates, functional materials and 

reagents. These molecules are typically prepared from pre-

functionalized starting materials, e.g. using the Sonogashira 

coupling, or using directing group-based C–H activation strategies. 

While highly efficient, these approaches remain limited by their 

inherent selectivities for specific regioisomers. Herein we present 

a complementary approach based on an arene-limited nondirected 

C–H activation. The reaction is predominantly controlled by steric 

rather than electronic factors and thereby gives access to a 

complementary product spectrum with respect to traditional 

methods. A broad scope as well as the suitability of this protocol 

for late-stage functionalization are demonstrated. 

The alkyne motif constitutes one of the most fundamental 

functional groups in organic chemistry.1 It is therefore not 

surprising that aryl-substituted alkynes, or phenylacetylenes, 

feature in a wide range of contexts, as bioactive molecules,2 

synthetic intermediates,3 functional materials,4 reagents (e.g. for 

click chemistry),5 etc. In light of the importance of these 

compounds a convenient access to all regioisomers of 

phenylacetylenes is highly desirable, especially when considering 

the importance of compound libraries in medicinal chemistry, 

where the flexible introduction of substituents into advanced 

synthetic intermediates is essential.  

The arguably most prominent reaction for the synthesis of 

phenylacetylene-derivatives is the Sonogashira coupling,6 which 

requires the presence of a (pseudo)halide in the arene substrate. The 

regioselectivity of this approach is thus dictated by the 

regioselectivity of a preceding (pseudo)halogenation step (Scheme 

1, path a). Accordingly, ortho and para products are expected to 

dominate for substrates bearing donor substituents, while meta 

products are expected for substrates bearing acceptors.7 

Alternatively, when substrates bear a suitable directing group, in 

many cases specifically introduced for this purpose, a directed C–

H alkynylation can be performed, which proceeds with ortho-

selectivity (path b).8,9  

While there are ample methods for the synthesis of ortho and 

para alkynylated arenes respectively, a method generally favoring 

the meta isomer regardless of the donor/acceptor-properties of the 

substituents on the substrate is currently not available.  

Inspired by the ground breaking studies by the groups of 

Maleczka, Smith, and coworkers10 as well as Ishiyama, Hartwig, 

Miyaura and coworkers11 on the Ir-catalyzed borylation of arenes, 

as well as later studies on related silylations,12 we hypothesized that 

such a method could be enabled through a nondirected catalyst 

system predominantly sensitive to steric rather than electronic 

control (path c).13 At the same time the well-documented suitability 

of Pd-catalysts to induce aryl-alkyne bond formation encouraged 

us to choose this metal for catalyst design.6 We realized that, in 

order to enable the desired process, a Pd-catalyst would be required 

that is capable of activating arene C–H bonds in arenes without the 

need for a directing group. 

Scheme 1. Approaches towards the regioselective C–H 

alkynylation of arenes. 

 

Traditionally, such processes could only be induced through the 

use of a large excess of the arene substrate, a limitation that was 

recently overcome through careful catalyst design by ourselves and 

others.14 Encouraged by the observation that our method based on 

dual ligand catalysis was sensitive to both steric and electronic 

control, we argued that it might be possible to further elaborate this 

strategy in order to enable a sterically controlled late-stage 

alkynylation of arenes. 

In a continuation of our interest in the development of methods 

for the synthesis of challenging phenylacetylene derivatives,15 we 

herein report our realization of this goal. 

Starting from the reaction conditions utilized in our previous 

olefination and cyanation methods and using 1-Bromo-2-

(triisopropylsilyl)acetylene as reagent,14c,14d we conducted an 

extensive screening of catalysts and reaction conditions. We aimed 

not only to maximize the overall yield of the process, which besides 

maximizing the C–H activation efficiency involved the additional 

challenge of suppressing undesired reagent dimerization,16 but also 

the sensitivity of the catalyst system to steric influences (see the 

Supporting Information for details). These studies allowed us to 

identify the reaction conditions shown in Scheme 2. 

  



 

Scheme 2: Reaction scope.a 

 

aAll reactions were conducted on a 0.2 mmol scale. bThis reaction was conducted at 70 °C. cThe yield given in parenthesis was obtained 

on a 5 mmol scale. dThis reaction was performed in HFIP/DMSO (1:1, 2.3 mL). 

Under these conditions simple benzene (3a) and naphthalene 

(3b) underwent smooth alkynylation. A wide range of mono-

substituted arenes could be functionalized to give 3c-k, with 

electronic properties ranging from electron-rich anisole (3f) to 

electron-poor ethyl benzoate (3k). Our studies on these simple 

arenes revealed that the reaction is highly sensitive to steric effects, 

with even a methyl-group being sufficient to completely suppress 

the formation of ortho product. Electronic effects were found to be 

less dominant, evidenced for example by the formation of 

substantial amounts of meta product from anisole (3f). Finally, we 

observed an unusually strong directing effect exerted by halide 

substituents, which led to the formation of ortho-products as the 

major components (3h-j). These observations imply, that in more 

complex substrates, high regioselectivities can be expected in many 

cases. Accordingly, when we studied 1,2-di-substituted arenes, 

single isomers were obtained in most cases (3l-o). We thus 

proceeded to study 1,3-di-substituted substrates. In these 

substrates, the electronically and sterically preferred positions are 

in competition with one another and we observed the formation of 

the sterically favored position as the major or only product in all 

cases (3p-s). It is particularly remarkable that even the strong 

directing effect exerted by a methoxy-group can be overcome in 

favor of the sterically more accessible position (3q). Good 

regioselectivities were also observed for 1,4-di-substituted 

substrates (3t-u). Similarly, 1,2,3-tri-substituted arenes delivered 

single products in all cases studied (3v-y) and a 1,2,4-tri-substituted 

substrate could be functionalized with perfect regiocontrol (3z). 

Finally, our protocol was also found to be amenable to thiophene 

derivatives (3aa-ab). 

The unusually strong sensitivity of our catalyst to steric rather 

than electronic control of the site-selectivity, together with the 

ability to employ the arene as the limiting reagent implies that this 

method may be highly useful to access otherwise challenging 

products in late-stage modifications. 

In order to probe this potential, we tested our protocol with a 

series of structurally complex small molecules as substrates 

(Scheme 3).  

Scheme 3. Suitability for late-stage modification.a 

 

aAll reactions were conducted on a 0.2 mmol scale.  

The (–)-menthol ether of m-cresol could be alkynylated with 

perfect regiocontrol in favor of the sterically-favored but 

electronically disfavored β-position (4). Similarly, the products 

derived from propofol methyl ether and estrone methyl ether (5 and 



 

6) were obtained as single regioisomers. The lipid-lowering agent 

clofibrate (7), protected phenylalanine (8) and tyrosine (9), an 

Evans-type reagent (10), as well as derivatives of nateglinide (11), 

guaifenesin (12), and cholesterol (13) could all be alkynylated, 

giving access to regioisomers, which would otherwise be 

challenging to obtain. These studies also revealed that a wide range 

of functional groups is tolerated in this protocol, such as ethers (4-

7, 12, 13), ketones (6), halides (7), esters (7-9, 11), imides (8, 9), 

and amides (10, 11). 

Finally, we engaged in a case study on the complementarity 

between our protocol and traditional approaches (Scheme 4). To 

this end, the silyl-protected meta-cresol 14 was first subjected to a 

sequence of bromination, Sonogashira coupling, and deprotection 

(path a). The regioselectivity of this sequence is determined in the 

bromination step, which proceeds under electronic control, thereby 

resulting in the formation of product 15, in which alkynylation has 

been achieved selectively in the γ-position. The synthesis of the 

corresponding α-isomer 16 starting from meta-cresol has been 

described using several directing groups (path b).17 

Scheme 4. Complementarity with traditional approaches. 

 

Our protocol perfectly complements these two synthetic 

sequences. Starting from substrate 14; the sterically controlled 

alkynylation, followed by deprotection, delivered the β-isomer 17 

selectively (path c).  

In summary, we have developed the first Pd-catalyzed 

nondirected C–H alkynylation of arenes. The reaction was found to 

possess a wide substrate scope, tolerating a broad range of 

functional groups. A key feature of this protocol is the strong 

influence of steric control on the site-selectivity, which renders the 

reaction complementary to established synthetic strategies. We 

have demonstrated the suitability of this protocol, which employs 

the arene as the limiting reagent, for late-stage functionalization 

and expect that its ability to give access to otherwise challenging 

regioisomers will prove highly valuable in this context. 

The Supporting Information is available free of charge on the ACS 

Publications website. 

Preparative procedures and analytical data. 
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